A backpack system is described whereby osmotic minipumps are used to infuse gonadotrophinreleasing hormone (GnRH) subcutaneously in a pulsatile manner into infertile socially subordinate female marmoset monkeys (Callithrix jacchus jacchus). This procedure enables long-term infusion of GnRH without the necessity of repeated subcutaneous implantation of pumps and GnRH reservoirs. The backpack and cannulae system is inexpensive and can be constructed from commonly available materials. The GnRH treatment successfully overcame the suppression of pituitary luteinizing hormone secretion imposed by the low social status of female marmoset monkeys.
Kingdom Summary A backpack system is described whereby osmotic minipumps are used to infuse gonadotrophinreleasing hormone (GnRH) subcutaneously in a pulsatile manner into infertile socially subordinate female marmoset monkeys (Callithrix jacchus jacchus). This procedure enables long-term infusion of GnRH without the necessity of repeated subcutaneous implantation of pumps and GnRH reservoirs. The backpack and cannulae system is inexpensive and can be constructed from commonly available materials. The GnRH treatment successfully overcame the suppression of pituitary luteinizing hormone secretion imposed by the low social status of female marmoset monkeys.
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The small size of some laboratory primates, e.g. marmoset and tamarin monkeys, precludes the conventional use of infusion devices to deliver pulsatile or intermittent boluses of biologically active material such as gonadotrophin-releasing hormone (GnRH) . Battery-powered mechanical pumps are too large and heavy (Sutherland et al., 1984) , osmotic minipumps with their accompanying fluid reservoirs are too large for subcutaneous implantation (Lynch, Rivest & Wurtman, 1980) and electronic peristaltic pumps, situated outside the cage and connected to the animal by reinforced flexible tubing , are impractical with group-housed monkeys. This paper describes a small inexpensive lightweight backpack system which overcame the limitations of existing delivery devices and employed externally housed osmotic minipumps to infuse GnRH in a pulsatile fashion to subordinate female marmoset monkeys. Socially subordinate female marmosets do not ovulate because of insufficient pituitary gonadotrophin secretion, apparently caused by inhibited hypothalamic GnRH secretion (Abbott et al., 1981) . They thus provide an excellent opportunity to
Received 2 May 1986. Accepted 16 June 1986. examine whether pulsatile GnRI-I therapy (Belchetz et al., 1978) can reverse the socially suppressed gonadotrophin secretion.
Materials and methods Animals
The captive management and reproductive biology of the marmoset monkey is comprehensively described by Hearn (1983) .
Post-pubertal marmosets (15-26 months of age) were removed from their families and housed in peer groups, usually comprising three male and three female unrelated individuals. Quantitative behavioural observations, made over the succeeding 6-18 months, identified the dominant male and female (rank 1 animals) and the subordinate males and females (rank 2 and below in each sex) in every peer group (Abbott, 1984) . Ten subordinate females, from groups established for at least 3 months, were fitted with the backpack system.
Backpack assembly
The backpack was made from Velcro tape (width, 50 mm; Selectus Ltd, London) and essentially consisted of a closed compartment which was held secure by attachment to a vest with shoulder straps. Two lengths of the hooked (or rough) adhesive part of the Velcro tape, 7·2 em (A-A' in Fig. 1 ) and 18 em (E in Fig. 1 ) respectively, and two lengths of the looped (or soft) adhesive part of the Velcro tape, 7·2 em (B in Fig. 1 ) and 16 em (C in Fig. 1 ) respectively, formed the basis of the backpack. Correct use and orientation of the hooked and looped adhesive parts of the Velcro tape were crucial during backpack assembly.
A circular hole approximately 0·5 em in diameter was cut in the centre of pieces A-A' and C ( Fig. 1 ; C is shown already trimmed to fit an animal (see below». Piece A-A' was placed across C with the adhering surfaces of both pieces facing downwards and the holes in both pieces aligned, as shown in Fig. 1 . Piece B (adhesive surface facing upwards) was slipped between A-A' and C to a depth of 1 em and aligned in parallel with A-A'. All three pieces were then stapled together. The end of each shoulder strap (1 em x 9 em of the looped adhesive to 1·5-2·5 cm (depending on the individual monkey). Two 1·5 cm x 3 cm strips of adhesive bandage were then placed over the top edges of C where they passed under the animal's arms, to prevent irritation. A further stip of adhesive bandage (4 cm x 5 cm) was wrapped around both shoulder straps (0) to prevent damage due to biting and tearing during the first few days after fitting.
The animal was then turned over so that B could be brought down and attached to the upturned A end of A-A' by means of Velcro adhesion (see Figs 1 and 2). This effectively closed the compartment. The backpack was kept in place and the compartment was secured by wrapping E around the whole structure (see Figs 1 and 2). E was trimmed to its
" , \ © part of the Velcro tape; the two D pieces in Fig. 1 ) was placed below each corner of the A' end of piece A-A', on top of the overlapping portion of B. The shoulder straps were positioned in parallel with A-A' and B, overlapping A-A' for only 1 cm and with the adhesive surface facing downwards. Both D pieces were then stapled to A-A', as illustrated in Fig. 1 , with the tips of the staples facing downwards (later both D pieces will be attached to C (see below)). The gap in the centre of pieces A-A' and C allowed the connection of the indwelling subcutaneous cannula to the osmotic minipump (see below), and the positioning of the staples prevented irritation to the animal. The backpack was then tailored to fit the individual monkeys. Monkeys were anaesthetized with ketamine hydrochloride (12 mglkg; Vetalar: Parke-Davis, Pontypool, Gwent) and laid on their backs parallel to and on top of piece A-A', with their heads lying towards piece B and their shoulders resting on the A' end of piece A-A'. The flaps of C were trimmed, as illustrated in Fig. 1 , to allow them to pass easily under the animal's arms and lie flat on the animal's chest (Figs 2 and 3) . The length of C was reduced to prevent any overlap of the ends on the animal's chest. The length of each shoulder strap (0) was also shortened so that each could be stapled to the appropriate end of C, as shown in Figs 1 and 2. The width of C at both these points was reduced narrowest width in the middle so that it fitted over C at the front of the animal and was trimmed to fit the rest of C accordingly. At the back, the two end flaps of E closed over B without overlapping (Fig. 2) . A piece of adhesive bandage (4 em x 4 em) was placed over the flaps of E and A to protect the seal over the compartment (Fig. 3) .
One advantage of this design of backpack was that the contents of the backpack compartment could be replaced without removal of the backpack from the animal. Replacement of contents was accomplished by removing the protective strip of adhesive bandage over the flaps of E and A and unhooking these flaps from B. This allowed B to be raised, exposing the contents of the compartment. After replacement, the above procedure was reversed, leaving the backpack functional again.
Osmotic minipump infusion assembly
All materials were sterilized before use. A 50 III and a 5 J.l1 Hamilton syringe (V. A. Howe & Co. Ltd, London) were attached to separate pieces of polyethylene tubing (length, approximately 10 cm; inner diameter, 0·58 mm; outer diameter, 0·96 mm; Portex, Hythe, Kent). The two pieces of tubing were joined together by a T-piece tubing connector (Scientific Marketing Associates, London) to an identical third piece of tubing. One end of aIm length of smaller polyethylene tubing (inner diameter, 0·40 mm; outer diameter, 0·80 mm; Portex) was inserted into the third piece of larger tubing to form an airtight fit. The 50~1I and 5 f.tlsyringes were then used to pull distilled water into the whole tubing system. The syringe~were similarly used to fill the 1 m length of smaller tubing with a predetermined temporal programme of GnRH pulses: 1~1Iof a 1:1 (vol./vol.) mixture of safflower oil and hydrogenated coconut oil ester (immiscible with saline; 50 f.tl syringe) was followed by 0·1 f.tl of physiological saline containing I f.tg GnRH (5 f.tl syringe) and the process was repeated until the tubing was filled. Lower doses of GnRH produced insufficient luteinizing hormone (LH) responses (Abbott et al., 1985, and unpublished results) . The ends of the GnRH-filled tubing (4 in Fig. 4 ) were closed with 27 gauge needles (outer diameter, 0·4 mm; sealed with silicone rubber coating; Dow Corning, Midland, MI, USA) and the tubing was coiled inside a 3 ml flat-bottomed polystyrene tube (6 in Fig. 4 
; Luckham
Ltd, Burgess Hill, West Sussex) and stored at -4°C. The filling procedure was carried out in a sterile laminar flow cabinet. For each GnRH-filled piece of tubing, an Alzet osmotic minipump (1 in Fig. 4 4 . Diagram of attachment of the osmotic mini pump to the GnRU-filled tubing and indwelling cannula: I, Alzet osmotic minipump; 2, scrum vial filled with sterile physiological saline; 3, 10cm length of polyethylene tubing (inner diameter, 0·58 mm; outer diameter, 0·96 mm) connecting the minipump, through a hole in the cap of the serum vial, to the GnRH-filled tubing reservoir 4; 4, 1 m length of polyethylene tubing (inner diameter, 0·40 mm; outer diameter, 0·80 mm) containing I J.lg GnRH pulses at programmed intervals; 5, I em of stainless steel tubing (cut from a 25 gauge needle; outer diameter, 0·5 mm) connecting the GnRH-filled tubing reservoir to the GnRHfilled indwelling subcutaneous cannula (arrow inside the tubing indicates the direction of flow into the animal); 6, serum vial holding the GnRH-filled tubing reservoir. Fig. 4 ; Nunc Products, Stafford, Staffs). The flow regulator of the minipump was attached to a 10 cm length of the larger sized polyethylene tubing (3 in Fig. 4 (see above» which passed through a hole drilled in the cap of the serum vial. Application of silicone rubber coating completed the seal around the exit hole for the tubing. The vial was filled with physiological saline (24-27 0c) and capped, immersing the minipump in the saline (Fig. 4) .
One end of the stored GnRH-filled tubing was now inserted inside the tubing connected to the minipump to form an airtight fit (by 3 in Fig. 4 ) and a cap (with a hole drilled in the centre) was placed over the sample vial to hold the GnRH-filled tubing in place. This assembly was placed in a sterile container and left for 16-18 h at 24-27 0C. This pre-incubation was to ensure the optimal flow rate of the GnRH pulses when attachment to the animal took place.
Attachment of minipump assembly to the marmoset
Two small loops were made in each 25 cm length of polyethylene tubing (inner diameter, 0·40 mm; outer diameter, 0·80 mm; Portex) and were held in place with three sutures. Programmed GnRH pulses were placed inside the tubing in an identical manner to that above and the filled tubing was stored in the same way. Each GnRH-filled cannula was implanted subcutaneously in the back of a subordinate female marmoset monkey, anaesthetized with Saffan (20 mglkg, alphaxolone:alphadolone 15 mg: 5 mg; Glaxovet Ltd, Uxbridge, Middlesex; total dose split and given at two intramuscular sites). A horizontal incision (1·5 cm) was made across the midline of the back, 3-4 cm below the scapulae. The cannula was inserted laterally but parallel to the spinal column. The output end of the cannula was placed 2-3 cm caudally to the incision site and the end to be connected to the minipump assembly was passed rostrally under the skin for 3-4 cm and then exteriorized between the scapulae. The cannula was secured by two sutures attaching the looped portion to the underlying muscle layer. The incision was then closed.
The backpack was fitted to the marmoset and the exteriorized end of the subcutaneous cannula was fed through the hole in the compartment of the backpack and attached to the GnRH-filled tubing and minipump assembly by a 1 cm length of stainless steel tubing (5 in Fig. 4 ; cut from a 25 gauge needle; outer diameter, 0·5 mm). The complete assembly weighed 20 g.
Blood sampling and hormone assay
Blood samples (0'1-0·3 ml) were taken every ]-3 days from the femoral vein (Hearn, ]983). The derived plasma samples were assayed for LH using the mouse Leydig cell bioassay (Harlow, Hearn & Hodges, 1984) .
Results

Longevity of the backpack
The backpacks were initially fitted without the cannulae and osmotic minipump system. They did not impede the mobility of the marmosets in any way (Fig. 3) . However, two of the 10 monkeys removed their backpacks once during the first 2 weeks as a result of biting and pulling at the backpack by the recipient subordinate female marmosets and other monkeys in their group. After this time, interest in the backpacks faded and no further damage was observed.
Consequently, all animals used were habituated to their backpacks for 2 weeks prior to insertion of the cannula and attachment of the pump system. Each backpack remained functional for at least 3 months (~he maximum experimental period used to date). During this time, neither the backpack nor the indwelling catheter caused any major skin irritation or infection.
Delivery rate of the osmotic minipump system
The rate of delivery of the minipump whilst attached to the animal was 0·46 ± 0·02 !-lUh(six pumps, mean ± SEM; data taken over 3-14 consecutive days).
This produced a subcutaneous 1 !-lgpulse of GnRH inside the animal every 2·39 ± 0·04 h and each pulse lasted 13·04 ± 2·40 min. The GnRH-filled reservoir therefore required replacing every 5 days and the minipump was replaced every 10 days. The animals were lightly sedated with 12 mg/kg ketamine 333 hydrochloride (see Materials and methods) on most occasions to permit quick and efficient replacement. Since the contents of the backpack were replaced without removing the backpack from the animal (see Materials and methods), sedation was not always necessary. Fig. 5 illustrates the increased plasma LH concentrations induced by GnRH therapy in a subordinate female marmoset. Prior to GnRH therapy, plasma LH concentrations ranged from less than 3 to 6 mIU/ml. During GnRH therapy, LH concentrations ranged from less than 3 to 76 mIU/ml. Two LH peaks (73 and 76 mIU/ml), within the normal ovulatory LH surge values of 60-340 mIU/ml (Harlow, Hearn & Hodges, 1984) , were produced after 6 and 19 days respectively. Following cessation of treatment, LH concentrations remained low.
GnRH-induced luteinizing hormone secretion in subordinate females
Discussion
The backpack-osmotic mInlpUmp infusion system proved effective and reliable. After the initial 2 weeks of wearing the backpack, the marmosets paid it little further attention. The backpack at no time impeded their ability to move. The ability to replace exhausted GnRH reservoirs and osmotic minipumps without removing the backpack from the animals allowed further manipulation of the animals to be minimized.
The subcutaneous GnRH therapy elevated plasma LH concentrations in subordinate females and, in the example shown ( Fig. 5 ), induced two LH peaks equivalent to those seen during the normal ovulatory LH surge. These results suggest that prolonged treatment with GnRH may induce ovula- tory cycles in otherwise infertile subordinate female marmosets, and thus directly implicate GnRH insufficiency as the cause of the fertility suppression.
The subcutaneous route of GnRH administration was used with the mini pump system in this experiment to reduce the invasive nature of the infusion procedure.
However, with modifications to the procedures used, GnRH could be infused in a similar way by an intravenous route, such as via the jugular vein. Other biologically active material which is stable at the animal room temperature could also be administered using this pump system.
